Objective: To explore whether and how population based data from a regional quality control programme can be used to investigate the hypothesis that small for gestational age (SGA) very low birthweight infants (VLBW, ,1500 g) are at increased risk of death, severe intraventricular haemorrhage (IVH), and periventricular leucomalacia (PVL), but at decreased risk of respiratory distress syndrome (RDS). Methods: Analyses of population based perinatal/neonatal data (1991-96) from a quality control programme in Lower Saxony, Germany. After assessment of data validity and representativeness, exclusion criteria were defined: birth weight .90th centile, severe malformations, siblings of multiple births, and gestational age (GA) ,25 or .29 weeks. Outcomes of interest were death, severe IVH, PVL, and RDS. Multivariable analyses were performed by Cox proportional hazard and logistic regression models. Results: Within the data validation procedure, an increase in proportions of both VLBW (from 0.95% in 1991 to 1.11% in 1996; +17%) and SGA (from 22.7% to 27.4%; +21%) infants became apparent (p,0.05). The study population consisted of 1623 infants (173 SGA). Mortality was 12.1% (n = 196), with an adjusted hazard ratio for SGA infants of 2.54, 95% confidence interval (CI) 1.70 to 3.79. Both groups were at similar risk of severe IVH (adjusted odds ratio 0.93, 95% CI 0.5 to 1.65) and PVL (1.54, 95% CI 0.78 to 2.87), but SGA infants had less RDS (0.57, 95% CI 0.35 to 0.93). Male sex, multiple birth, hypothermia (,35.5˚C), and sepsis were associated with IVH and RDS. Infants admitted to hospitals with ,36 VLBW admissions/year had increased mortality (adjusted hazard ratio 1.56, 95% CI 1.12 to 2.18). Conclusions: SGA VLBW infants are at increased risk of death, but not of IVH and PVL, and at decreased risk of RDS. That mortality is higher in smaller hospitals needs further investigation.
F
etal growth restriction is a complication of pregnancy that often results in a small for gestational age (SGA) newborn, defined as a birth weight below the 10th centile. 1 In populations that include both term and preterm newborns, SGA infants are at increased risk of postnatal complications. 2 3 In populations of preterm newborns, however, the situation is less straightforward. Populations defined by very low birthweight (VLBW, ,1500 g) and/or data obtained for other purposes are often used for epidemiological analyses, [4] [5] [6] [7] but not properly validated and prepared for the study under question, potentially causing bias.
We conducted a population based study with validated data on multiple neonatal outcomes of SGA and appropriate size for gestational age (AGA) VLBW infants. We hypothesised that preterm SGA newborns are at increased risk of death, intraventricular haemorrhage (IVH), and periventricular leucomalacia (PVL), but at decreased risk of respiratory distress syndrome (RDS).
METHODS

Study population
Data source validation
The Centre for Quality Management in Health Care (CQM) at the Medical Board of Registration in Lower Saxony, Germany prospectively collects perinatal data on almost all children born in the state, and neonatal data on all infants admitted to a hospital within 10 days of birth. Data are recorded using standardised forms or electronically. As this state wide quality assurance programme is especially concerned with VLBW infants, the anonymised, originally separately recorded data of these two databases are linked for this patient group by matching for specific variables. 8 Thus a total of 380 variables are available from before pregnancy until the child's discharge from hospital. Our analysis was based on all VLBW life births between 1 January 1991 and 31 December 1996 (n = 4026). Before data collected for different purposes can be used for research, however, appropriate steps have to be taken to ensure their validity, and inclusion/exclusion criteria established to reduce bias. To examine the external validity of our database and its representativeness for all other German states, we compared our data with those officially recorded at the National Birth Register. 9 
Exclusion criteria
Growth status (SGA, birth weight ,10th centile; AGA, 10th to 90th centile; large for gestational age (LGA), .90th centile) was defined according to population based centiles, separately for boys/girls and for singletons/twins. 10 Twin centiles were used for all multiple births.
Infants were excluded if they:
(a) were too immature to be categorised because of lack of gestational age (GA) specific data (,23 weeks for singletons, ,22 weeks for multiple births) (b) were LGA (c) belonged to a GA group not fulfilling the expected distribution of 10% SGA and 80% AGA infants, a bias causing sequelae within birthweight cohorts (d) had severe congenital malformations.
Only one sibling of each set of multiples was selected at random, because regression analysis requires non-correlated (independent, disjunctive) individuals.
Variables
Gestational age was determined by early ultrasound or the last menstrual period, and recorded as completed weeks. RDS was defined as documentation of either this term or of exogenous surfactant administration. Cranial ultrasound was routinely obtained on day 1, 3, 7, and 14, with additional investigations in infants with abnormal results. Severe IVH (grade 3/4) was defined as described by Papile et al, 11 and PVL as described by de Vries et al. 12 Except for GA and year of birth, all variables were dichotomised using a biologically relevant threshold or the median. The cut off for hospital volume categories-that is, ,36 v >36 VLBW admissions a year-was the one routinely used by the CQM. Five hospitals with >36 VLBW admissions a year accounted for about 60% of all admissions; the remainder were from 27 smaller units.
Sex, GA, multiple birth, and, for RDS analyses, application of antenatal corticosteroids were the variables forced into all multivariable models. Moreover, we selected as potential confounders those variables available in the database that were either known confounders based on previous research or suspected to be confounders based on clinical experience. About 40 particular variables for each outcome variable were defined according to the published descriptions of the CQM 13 and used in univariable analyses.
Study design
We analysed our data in the form of multiple case-control studies nested within a well defined cohort. SGA infants were the subjects at risk or the ''exposed'' ones, and AGA infants were the comparison group.
Statistical analysis
Data source validity
To check external validity and representativeness of the number/percentage of VLBW births in our database among all births nationwide, we calculated the expected number of VLBW births using National Birth Register data, excluding data from Lower Saxony. Traditional standardisation formulas 14 and continuity corrected x 2 methods 15 were used. Trend analyses in calendar time were performed by the Cochran-Armitage test. 16 
Mortality analyses
For univariable survival analysis, graphs of Kaplan-Meier estimators were created. 17 We then compared survival of SGA and AGA newborns using the log rank test.
Potentially relevant confounders within survival analyses were selected by the log rank test, using an initial a level of 0.25. Variables with a,0.25, plus GA, sex, and multiple birth, were the basis for multivariable, stepwise Cox proportional hazard models. Hazards describe the instantaneous risk of dying. 17 Stepwise analyses were based on the significant findings according to the Wald x 2 test in the Cox proportional hazard models, reducing the threshold of significance level from a = 0.15 to a = 0.05. After having specified a final model, we calculated hazard ratios and corresponding 95% confidence intervals (CIs). The ratio of two hazards can be interpreted as the relative risk. The specified model was finally checked by plotting the cumulative observed versus the cumulative expected number of deaths as described by Arjas 17 and by a retrospective power calculation, 18 expressing the model's ability to show an association between the risk variables and the outcome, if one exists (type II error).
Morbidity analyses
Univariable analyses based on likelihood ratio tests were performed to detect potential confounders. 19 The model building strategy for morbidity analyses corresponded to that for survival described above. Based on the final logistic regression model, adjusted odds ratios (adjOR) and 95% CI Not specified SGA AGA LGA Figure 1 Proportions of small for gestational age (SGA), appropriate size for gestational age (AGA), and large for gestational age (LGA) infants from very low birthweight births in Lower Saxony, 1991-96 (Centre for Quality Management).
were calculated. Models were validated by: summary measures of goodness of fit-for example, deviance statistics; predictive power (Somer's D, Gamma, c-statistics), describing how well the outcome variable can be predicted from the influencing variables; and by residual analyses. 20 All analyses were performed using SAS 8.0/8.2 (SAS Institute, Cary, North Carolina, USA).
RESULTS
Data source validity
Comparison of the CQM database with data from the National Birth Register revealed that, from 1991 to 1996, CQM data captured an increasingly large proportion of all births recorded in the national register (table 1). The proportion of VLBW births increased from 0.95% in 1991 to 1.11% in 1996 (+17%) in Lower Saxony and from 0.80% to 0.99% (+24%) in the remaining states. On average, the percentage of VLBW infants was 8.8% higher in Lower Saxony than in the other German states (p,0.05). Moreover, the proportion of SGA infants in the Lower Saxonian VLBW cohort increased from 22.7% in 1991 to 27.4% in 1996 (p,0.05).
Application of exclusion criteria
In 100 infants (2.4%), GA could not be determined because of raw data inconsistencies between the perinatal and neonatal databases, or missing values in either database. In 82 infants (2.0%), SGA/AGA/LGA status could not be determined because of lack of published GA specific birthweight centiles.
We further excluded 154 LGA newborns (3.8%) and 259 (6.4%) infants with severe malformations (10.6% of SGA and 5.1% of AGA infants). We did not exclude infants from diabetic mothers from the study population, because they comprised only 0.7% after exclusion of LGA infants.
The expected proportions of both AGA (80%) and SGA (10%) infants were found only among newborns of 25-28 weeks gestation (fig 1) . At 29 weeks GA, 7% of AGA infants weighed .1500 g and were excluded. This was not associated with an appreciable increase in the proportion of SGA infants (11%). Thus, GA limits of 25 and 29 weeks were used, resulting in the exclusion of 49.6% of infants from the original sample (n = 1996).
After having applied all other above mentioned exclusion criteria, random selection of only one sibling from all multiple births was performed. Thus, 1623 independent (disjunctive) VLBW infants with GA of 25-29 weeks and without severe malformations were included in the final study population (table 2) . For 28 infants (five SGA), only perinatal information was available because of death in the delivery room. These infants were included for mortality analyses, but were excluded from morbidity analyses.
Mortality
Overall mortality was 12.1% (n = 196), 25.4% (n = 44) in SGA and 10.5% (n = 152) in AGA infants. The most common cause of death in both groups was respiratory diseases (overall 33.2% (n = 65); SGA, 29.6% (n = 13), AGA, 34.2% (n = 52)). Kaplan-Meier survival estimators ( For the entire study population (n = 1595), decreasing GA, male sex, multiple birth, hypothermia ,35.5˚C at NICU admission, sepsis, PVL, and mechanical ventilation for .10 days were associated with severe IVH (table 4) .
PVL was present in 4.6% (n = 74) of the study population, 8.1% (n = 14) for SGA and 4.1% (n = 60) for AGA infants (adjOR 1.54; 95% CI 0.78 to 2.87).
Severe IVH and requirement for a surgical procedure during the initial hospital stay were associated with an increased risk of PVL, while tocolysis seemed to be protective (table 5) .
According to our definition, 80.3% (n = 1280) of the study sample had RDS. Although this proportion was similar in both groups (80.4% SGA v 80.2% AGA), stepwise logistic regression analysis revealed a significantly reduced RDS risk for SGA infants (adjOR 0.57; 95% CI 0.35 to 0.93; table 6).
Low GA, male sex, multiple birth, a five minute Apgar score ,7, hypothermia ,35.5˚C on admission, sepsis, persistent ductus arteriosus, caesarean section, and admission to a hospital that has more than 35 VLBW admissions a year were significantly associated with an increased occurrence of RDS. In contrast, tocolysis, antenatal steroids, and premature rupture of membranes/chorioamnionitis appeared to be protective. Validation procedures showed good fit of logistic regression models for all of the above morbidity variables (data not shown).
DISCUSSION
Data from a quality control programme can be used for epidemiological analyses, provided that data clean up is performed using a priori criteria. We found more than 2.5-fold increased mortality in SGA compared with AGA VLBW infants, but no difference in severe IVH or PVL. RDS was less common in SGA infants. For both groups, the risk of death before hospital discharge was more than 50% higher in infants admitted to small NICUs.
Data source validity
A major strength is the use of population based data. Whereas single centre analyses [21] [22] [23] are less representative and prone to selection bias, our database provided large enough numbers for most multivariable analyses and detection of potential differences. 22 24 Also, the data validation process in this study is unique. To our knowledge, comparison of data from two sources-that is, the CQM and the National Birth Register-to maximise data validity has not been performed before in VLBW studies. However, when data from different sources are compared, potentially different data management strategies have to be considered. Within birth registers, missing values are often completed by substitution techniques, whereas the CQM performs extensive research on them. The considerable discrepancies from birth registry data were in part attributable to data from four small hospitals, with a cumulative birth number of 1700/year, not participating in the quality assurance programme, and to failures of perinatal and neonatal data set linkages, which declined from 8% to 0% from 1991 to 1996. Differences in eligibility criteria between the CQM and National Birth Register appeared to be the main reason for these discrepancies. Whereas the National Birth Register counts neonates from mothers resident in Lower Saxony independent of place of birth, the CQM counts only those born in the state. Two of Lower Saxony's neighbours, the city states Hamburg and Bremen, have large perinatal centres, and a migration effect was indeed found by the CQM to explain the differences observed (Paul Wenzlaff, personal communication). However, as deficits in captured data were not equally distributed over time, we defined birth year as a potential confounder in the subsequent outcome analysis.
There was a significant rise within the six year observation period in the proportion of all VLBW infants and those who were SGA. An increase in the proportion of VLBW infants over time has also been reported from other regions. [25] [26] [27] This has been attributed to an increase in the average age of primiparous women, 28 the number of assisted conceptions, 29 and the number of immigrants from foreign countries, who are more prone to multiple births. [30] [31] [32] It may also be related to an increased use of ultrasound examinations, resulting in more precise GA determinations and earlier obstetrical interventions. 25 26 33 Unfortunately, adequate data for corresponding analyses were not available. However, in our database, we could at least detect an increase in maternal age and in the proportion of multiple births among all VLBW births.
Data on changes in the proportion of SGA infants are conflicting. 34 While average birth weight and the proportion of LGA infants appear to increase over time, 35 one group also reported an increase in the proportion of SGA infants within a cohort of very preterm twins. 36 Possible explanations for this increase include those mentioned above, particularly the increased use of prenatal ultrasound. 37 
Exclusion criteria
We refrained from defining our study population by birth weight to avoid unequal proportions of SGA newborns across different GA groups. 4 38 Implementing GA limits also yields representative male/female ratios. This avoids an overestimation of risks associated with male sex, caused by male newborns, who have higher body mass, 39 being gestationally younger than their female birthweight peers. Bias may also result from comparing SGA newborns with non-SGA infants, the latter including both AGA and LGA newborns in the control group. 40 In addition, we did not exclude all multiple births, 40 41 but randomly selected only one sibling, which allowed us to consider multiple births as a potential confounder.
Finally, statistical analysis is a crucial factor in comparing SGA and AGA infants, and represents a major cause for conflicting results. Often only univariable analyses are applied, 42 adjustment for essential confounders (such as GA 23 ) is missing, or no model validations are performed.
Mortality
Cox proportional hazard models allowed quantification of the increased mortality of SGA VLBW infants with respect to postnatal age and many confounders. The increased mortality was not related to length of NICU stay. Indeed, most deaths in both groups occurred in the first four weeks of life (fig 2) . Some authors, albeit not using the Cox proportional hazard model, have also found such a risk increase, 41 43 44 whereas others have reported the opposite effect, probably caused by GA differences between groups or lack of multivariable analysis. 21 45 Morbidity Our findings and those of others 22 do not support the hypothesis that SGA infants are at increased risk of severe IVH. The main reason for discrepancies from other studies may be related to ignoring GA, 24 the exclusive use of univariable analyses, 46 or lack of distinguishing different effects-that is, SGA may per se be protective against IVH, or maternal hypertension/pre-eclampsia, a known risk factor for growth restriction, may be protective. 47 Being SGA was also not associated with an increased risk of PVL. This result has to be viewed with caution. Firstly, the number of cases was small. Secondly, information bias resulting from the use of different ultrasound scanners (5 v 7.5 MHz) cannot be ruled out. Thirdly, PVL may be more prevalent in infants of .28 weeks gestation. 48 Our study population was limited to infants of (29 weeks gestation, perhaps excluding infants at greatest risk of PVL.
It has previously been reported by some, 22 49 but not others, 43 that SGA is associated with a reduced risk of RDS. Insufficient control for confounders is a likely source of these inconsistencies.
The definition for RDS used in this study, although inherently somewhat imprecise, reflects current neonatal practice in Germany, where the decision to intubate is based on signs of respiratory distress and oxygen requirement in What is already known on this topic (a) SGA infants are at increased mortality risk (b) Results on morbidity are conflicting (c) Multivariable analysis of large cohorts are necessary, but difficult
What this study adds (a) Use of data collected for other reasons than the question under study requires a detailed data validation process, definition of inclusion/exclusion criteria, and analysis based on multivariable models, controlling for potential prenatal, perinatal, and postnatal confounders (b) The proportion of both VLBW and SGA infants increased significantly during the period of observation (1991-96) (c) SGA VLBW infants have more than twice the mortality risk as their AGA peers, but no increased risk of severe intraventricular haemorrhage or periventricular leucomalacia; they are even at decreased risk of developing respiratory distress syndrome (d) VLBW infants admitted to smaller units (,36 VLBW admissions a year) have a 60% higher mortality than those admitted to larger units, despite indicators suggesting a higher disease severity in the latter group the delivery room, with surfactant being given immediately after intubation. This practice precludes a diagnosis of RDS based only on chest radiographs. Gestational age affected all outcome variables, except for PVL; reasons for the latter are discussed above. Boys and multiple births were at greater risk of IVH and RDS. As there are no other studies with independent (disjunctive) individuals from multiple births, these results deserve further investigation. The predictive value of the Apgar score is well established and evident in mortality and RDS analyses. However, the Apgar score as a variable represents a melange of multiple confounders, in part directly related to the outcome variable-for example, RDS-and in part related to unmeasured exposures. Hypothermia (,35.5˚C) was associated with death, severe IVH, and RDS, as shown by others. 21 50 Hypothermia may be both a cause and an outcome, the latter being the consequence of a prolonged and/or difficult resuscitation resulting from RDS or IVH. Similarly, the apparent influence of tocolysis, seemingly protective against PVL and RDS, 51 52 has to be interpreted with caution because the reason for this protective effect may simply lie in a prolongation of pregnancy.
We found a link between severe IVH and PVL. This is not yet fully understood. 53 54 PVL is more common in infants undergoing surgery, 55 possibly because of blood pressure fluctuations occurring during the procedure and/or inflammatory mediators resulting from surgery. Moreover, PVL and the disorder treated by surgery may share aetiological characteristics. The association between IVH 3/4 and mortality may be real, but reporting bias may also have contributed to this finding, because in cases of poor prognosis and reduced medical treatment, severe IVH is often recorded as cause of death. 56 Our study has an important public health aspect. Mortality was 56% higher in infants admitted to hospitals with fewer than 36 VLBW admissions a year, despite the admission of sicker newborns to larger hospitals (.35 VLBW infants/year; see data on RDS) and their larger proportion of outborn infants. This observation provides further evidence for the importance of centralising perinatal care. 57 It would have been interesting also to analyse data on bronchopulmonary dysplasia and retinopathy of prematurity. Unfortunately, changes in definition and/or documentation during the observation period rendered this impossible. Also, preterm birth may in itself create a bias towards SGA because of a higher risk of extremely preterm birth in severely growth retarded fetuses. 23 Appropriate fetal growth charts, however, were not available for the population under study.
CONCLUSIONS
Population based data collected for purposes other than epidemiological research can indeed be used for epidemiological analyses, provided that an a priori clearly established data clean up procedure is applied. Our analyses reveal a significantly increased mortality of SGA VLBW infants (GA 25-29 weeks) compared with their AGA peers, without noticeable increases in severe IVH or PVL, and a reduced risk of RDS. This calls for further studies into the underlying reasons for this observation. The prognostic relevance of antenatal transport of high risk newborns to tertiary care centres emphasises the need to enforce perinatal regionalisation.
Population based, valid, multivariable studies are necessary to obtain valid data on the potential risks for SGA newborns. Understanding the complexity of intrauterine growth restriction, and its consequences, will help to identify infants at greatest risk, and, eventually, will help prevent adverse pregnancy outcome.
